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trated is voltammetrically "stripped" from the electrode. Concentration
factors of 105 can be achieved routinely, and thus detection limits in the
range 10"11 to 10~12 molar can be achieved. At these levels of concentra-
tion, fidelity of the sample becomes the factor that controls the quality of
the result. This technique has been used widely in oceanographic science,
especially for the determination of metals such as lead, copper, cadmium,
and zinc. Stripping voltammetry at mercury electrodes yields detection
limits in aqueous solution of 30 picomolar for copper and 0.3 nanomolar for
zinc (Stoeppler, 1991). Problems of interferences by other elements in
either aqueous or amalgam solution have been studied exhaustively, and
well-documented procedures exist for eliminating these interferences.

Stripping voltammetry has been used to study the distribution of Zn(II)
between labile and inert complexes in seawater with total zinc concentra-
tion of 50 nM (Muller and Kester, 1990). Formation constants of Zn(II)
with various inorganic complexing agents (e.g., Cl~ and NO3~) have been
measured by anodic stripping voltammetry at total zinc concentrations of 10
nM (Komorsky-Lovric and Branica, 1987).

Distributions between labile and inert complexes have been determined
in samples with 15 nM Cu(II) and Zn(II) by anodic stripping at a micrornercury
electrode (Daniele et al., 1989). The technique of absorptive stripping voltam-
metry holds great promise for the determination of electroactive substances
that can be adsorbed at an electrode. New developments in the use of
microelectrodes for stripping voltammetry provide the possibility of extend-
ing the extensive body of laboratory procedures now employed to in situ
measurements. Ligand competition voltammetry is also being carried out
on seawater samples.

Coulometry (Bard and Faulkner, 1980)

Coulometry comprises a set of techniques in which the total charge
required (not the current, as in potentiornetry) to oxidize or reduce the chemi-
cal species of interest is measured. The prime virtue of coulometric tech-
niques is that they link the quantity of substance determined directly to the
quantity of electrical charge, and thus expensive and often difficult proce-
dures for standardization or calibration can be minimized or eliminated.

Coulometric procedures are robust theoretically in that Q = nFN, where
Q is quantity of charge, n is the number of electrons in the reaction, F is the
Faraday constant, and N is the number of moles of reactant. This simple
relationship is little affected by environmental variations (e.g., temperature
or ionic strength). Coulometric procedures are also robust technically, in
that the charge is just the integral with respect to time of the current. Cou-
lometry is also easy to automate and operate under remote control. The
accuracy of coulometric determinations is typically as good as 0.1%. Preci-